P
ERCUTANEOUS CORONARY INtervention (PCI) in patients with impaired left ventricular function can be associated with significant mortality and morbidity, particularly when a substantial proportion of viable myocardium is subtended by diseased coronary arteries. 1, 2 Such patients have diminished reserve to withstand the consequences of ischemia or arrhythmias that may occur during PCI and are at risk of entering a spiral of hemodynamic compromise, potentially culminating in cardiogenic shock or death. In these circumstances, vital hemodynamic support can be provided by an intraaortic balloon pump (IABP), which simultaneously augments coronary blood flow and decreases myocardial oxygen demand. 3, 4 Increased understanding of the physiological benefits of counterpulsation and evidence of its efficacy in cardiogenic shock 5 have led to an expansion in the indications for IABP use. The Benchmark Registry showed that the most common reason for IABP insertion is to electively support patients who are hemodynamically stable at the outset but perceived to be at high risk of major complications during angiography or PCI.
Several observational studies have reported fewer intra-procedural complications and reduced major adverse cardiovascular events with prophylactic IABP insertion compared with a provisional counterpulsation strategy during high-risk PCI. [7] [8] [9] However, these series have been retrospective, subject to selection bias, and relatively underpowered to adequately address this assertion. As such, the current international guidelines for PCI do not offer formal recommendations for elective IABP use but suggest that "IABP support should be reserved only for patients at the extreme end of the spectrum of hemodynamic compromise." 10 The Balloon Pump-Assisted Coronary Intervention Study (BCIS-1) is, to our knowledge, the first randomized controlled trial to assess the efficacy and safety of elective IABP use in patients undergoing high-risk PCI.
METHODS
The methods used in this trial have been described previously. 11 In brief, BCIS-1 was a prospective, open, multicenter, randomized controlled trial conducted to evaluate the efficacy of elective IABP therapy for reducing major adverse cardiac and cardiovascular events (MACCE) during high-risk PCI. The trial was approved by the UK National Health Service research ethics committee, and each patient provided written consent for inclusion in the trial. Data management and analysis was carried out by an independent data coordinating center, with oversight from a steering committee. An independent data and safety monitoring committee oversaw the safety and efficacy of the trial. The members of the steering committee had full access to the data after unblinding and vouch for the accuracy and completeness of the data and the analyses.
Study Population
Patients scheduled to undergo highrisk single-vessel or multivessel percutaneous intervention to native coronary arteries or bypass grafts were considered for inclusion in the trial. High-risk was defined as the presence of impaired left ventricular function (ejection fraction Յ30% on echocardiography or left ventricular angiography) and a large amount of myocardium subtended by stenosed vessels, characterized by a BCIS-1 Jeopardy Score of 8 or greater or a left main coronary artery stenosis or by a target vessel that provides collateral supply to an occluded second vessel that in turn supplies more than 40% of myocardium. The BCIS-1 Jeopardy Score (range, 0-12) has been described previously 11 but in brief is a modification of the Duke Jeopardy Score, 12 which allows broader classification of coronary anatomy, including left main coronary artery stenoses and bypass grafts. Diseased proximal native coronary segments are assigned a score of 2 points, with 2 additional points assigned for each major myocardial territory subtended by these segments, accounting for dominance. The protective effect of functioning bypass grafts is represented by negative scores.
The principal exclusion criteria were current class I or II indications for IABP use, including cardiogenic shock, acute myocardial infarction within the previous 48 hours, complications of acute myocardial infarction (including ventricular septal defect, severe mitral regurgitation, and intractable ventricular arrhythmias); and contraindications to IABP use, including significant iliac or femoral arterial disease and more than mild aortic regurgitation on echocardiography. Additional exclusion criteria were planned staged procedure within 28 days; bleeding diathesis or warfarin therapy with an international normalized ratio greater than 2.5; active internal bleeding (except menstruation); allergy to aspirin, clopidogrel, heparin, or glycoprotein IIb/ IIIa inhibitors; thrombocytopenia (platelet count Ͻ100 ϫ10 3 /µL); pregnancy; and previous enrollment in BCIS-1 or current enrollment in any other study.
Race/ethnicity was self-reported as part of standard hospital admission procedure and categorized as white, South Asian, or other.
Treatment
Eligible patients were randomized to receive elective IABP insertion prior to PCI or to have no planned IABP insertion. Randomization was carried out via a 24-hour automated interactive telephone response system, and treatment assignment was based on random permuted blocks, stratified by center, with 1:1 allocation to each group. It was recommended that PCI be performed within 24 hours of randomization, and clinical events were attributed to the assigned treatment on an intention-to-treat basis.
In the elective IABP group, the balloon catheter was inserted at the start of the procedure, before coronary intervention. Sheathless insertion was recommended in the trial. The IABP remained in situ for at least 4 but no more than 24 hours following PCI, unless otherwise indicated by the patient's clinical status. Rescue IABP insertion was permitted in the no planned IABP group in the event of procedural complications such as prolonged hypotension, pulmonary edema, or refractory ventricular tachycardia/fibrillation, at the discretion of the operator.
Patients were pretreated with aspirin and clopidogrel and received intravenous unfractionated heparin during the procedure to maintain the activated coagulation time between 200 and 250 seconds. The use of abciximab was recommended, administered as a 0.25-mg/kg bolus followed by intravenous infusion at 0.125 µg/kg per minute for 12 hours. The choice of drug-eluting or baremetal stents and use of adjunctive devices was at the operators' discretion.
Patients who had IABP insertion in either group received an intravenous heparin infusion following PCI to maintain an activated partial thromboplastin time ratio between 1.5 and 2.5; the infusion was commenced immediately after PCI or on completion of the abciximab infusion, if the latter was used. When it was felt appropriate to remove the IABP, the heparin infusion was discontinued and the balloon catheter removed when the activated coagulation time decreased to less than 160 seconds.
Outcome Measures
The primary end point was the composite of MACCE, defined as death, acute myocardial infarction, cerebrovascular event, or further revascularization by PCI or coronary artery bypass graft (CABG) surgery at hospital discharge (capped at 28 days). The secondary end points were 6-month all-cause mortality, major procedural complications (including prolonged hypotension, ventricular tachycardia/ fibrillation requiring defibrillation, or cardiorespiratory arrest requiring assisted ventilation), bleeding complications, access-site complications, transient ischemic attack, and duration of hospital stay. All end points and adverse events were predefined 11 and adjudicated by a clinical events committee blinded to treatment assignment.
Prespecified definitions of myocardial infarction were used in the trial, based on the timing of the event in relation to the index PCI procedure and cardiac biomarker levels at baseline. Within 72 hours of PCI, myocardial infarction was defined as an increase in creatine kinase MB levels by more than 3-fold the upper limit of the reference range (if normal at baseline) or by more than 1.5-fold the baseline value (if elevated at baseline). Beyond 72 hours after PCI, universal definitions of myocardial infarction applied, based on elevation of cardiac troponin levels in association with typical symptoms or electrocardiographic changes. 13 Prolonged hypotension was defined as a mean arterial pressure less than 75 mm Hg for at least 10 minutes despite fluid resuscitation or requirement of inotropic support to maintain the mean arterial blood pressure above 75 mm Hg in the elective IABP group. In the no planned IABP group, prolonged hypotension was defined as above, with the additional criterion of the need for IABP insertion to maintain the mean arterial blood pressure above 75 mm Hg.
Major bleeding was defined as a decrease in hemoglobin concentration by at least 4 g/dL in relation to the baseline value, with 1 unit of whole blood or packed cells considered equivalent to an additional 1-g/dL decrease in hemoglobin concentration if transfusion was required. Minor bleeding was defined as a decrease in hemoglobin concentration by 2 g/dL to 4 g/dL compared with baseline. Access-site complications were defined as a vascular complication at any access site resulting in hematoma or leg ischemia requiring surgical or percutaneous intervention, false aneurysm (on ultrasound imaging), or femoral artery occlusion.
Statistical Analysis
The power calculation was based on a predicted MACCE rate of 15% in the no planned IABP group. 8 A sample size of 300 would provide 80% power to detect a 10% absolute difference in MACCE rates between the elective and no planned IABP groups at a significance level of 5%, allowing 10% contingency for missing data. An independent statistician performed all statistical analyses. Primary and secondary end points were analyzed on an intentionto-treat basis. All tests of significance are 2-sided.
The proportions of in-hospital MACCE were compared and odds ratios (ORs) and 95% confidence intervals (CIs) calculated from logistic regression. The proportions of all-cause mortality at 6 months were compared using the 2 test, and cumulative event rates were estimated by the KaplanMeier method. Other categorical outcome measures were compared using a 2 test or Fisher exact test as required. Continuous variables were compared using a 2-sided unpaired t test. Continuous data that were not normally distributed were compared using the Wilcoxon rank-sum test.
Prespecified subgroup analyses (stratified by median glomerular filtration rate, diabetic status, glycoprotein IIb/IIIa or bivalirudin use, and BCIS-1 Jeopardy Score) were performed, with ORs and 95% CIs calculated by logistic regression, together with formal tests for interaction.
Statistical analyses were performed using Stata version 10.1 (StataCorp, College Station, Texas).
RESULTS

Baseline and Procedural Characteristics
Three hundred one patients with multivessel coronary disease and impaired left ventricular function were enrolled at 17 interventional cardiology centers in the United Kingdom between December 2005 and January 2009; 69% of patients were enrolled at 5 centers at a mean rate of 15 patients per year. One hundred fifty-one patients were randomized to receive elective IABP support and 150 to have no planned IABP insertion during PCI. One patient in the elective IABP group did not have PCI but had CABG surgery instead (on the same admission), and 1 patient in the no planned IABP group did not have PCI but was referred for CABG surgery on a separate admission (FIGURE 1). All patients underwent follow-up until hospital discharge (capped at 28 days), and 
Primary and Secondary End Points
The primary end point of MACCE at hospital discharge occurred in 15.2% (n=23) of the elective IABP group and Major or minor bleeding occurred in 19.2% of the elective IABP group and 11.3% of the no planned IABP group (P = .06; OR, 1.86 [95% CI, 0.93-3.79]). There was no difference between the groups in the incidence of major bleeding (5 and 6 patients, respectively), but there was more minor bleeding in the elective IABP group (15.9%) compared with the no planned IABP group (7.3%) (P=.02). Five patients in the elective IABP group and none in the no planned IABP group had an access-site complication (P =.06 by Fisher exact test). The median duration of in-hospital stay in both groups was 2 (interquartile range, 1-5) days (P = .12). No transient ischemic attacks were documented in either group. COMMENT BCIS-1 addressed the hypothesis that elective IABP insertion in patients with poor left ventricular function and extensive coronary disease would reduce the incidence of MACCE at hospital discharge (capped at 28 days). The study has demonstrated that there is no difference in the incidence of the composite end point of death, myocardial infarction, cerebrovascular events, or further revascularization with elective Mortality at 6 months was numerically lower in the elective intra-aortic balloon pump (IABP) group than in the no planned IABP group, although this was not statistically significant (4.6% vs 7.4%, P=.32 by the 2 test). IABP insertion compared with a strategy of no planned IABP insertion. An absolute 2.8% difference in mortality at 6 months favoring the elective IABP group was observed, but this difference was not statistically significant. The present trial was not powered to detect a difference in mortality at 6 months between the groups. Elective IABP use was associated with significantly fewer procedural complications but more minor bleeding and more access-site complications than when PCI was performed without planned IABP insertion. These results do not support a strategy of prophylactic placement of an intra-aortic balloon catheter during PCI in all patients with severe left ventricular dysfunction and a high myocardial Jeopardy Score.
It is important to note that rescue IABP insertion was required in 12% of the group assigned to a strategy of PCI without planned balloon pump insertion. Rescue IABP use was at the discretion of the operators and was largely driven by the occurrence of prolonged hypotension. This finding is consistent with the observations of Briguori et al, 8 who found that 15% of patients undergoing high-risk PCI experienced sufficient hypotension to warrant emergency IABP placement during the procedure. In the current study, rescue IABP placement appeared to be associated with a worse in-hospital outcome than did elective IABP insertion. Patients receiving rescue IABP placement also required a longer duration of IABP support and had a more prolonged in-hospital stay than those in the elective IABP group, which accords with previous registry data. 9 In the absence of clear markers that would allow prospective identification of patients who will require rescue IABP insertion, a standby IABP approach is advisable when undertaking PCI in the presence of severe left ventricular impairment and extensive coronary disease, to allow timely emergency placement of a balloon catheter if required.
The lack of benefit for routine elective balloon counterpulsation in reducing MACCE in this study contrasts with data from previous registries and merits further consideration. First, did the patients enrolled in this study comprise a sufficiently high-risk cohort? The presence of severe left ventricular dysfunction (mean ejection fraction, 24%), extensive coronary disease (mean Jeopardy Score, 10), a high prevalence of diabetes, and an urgent indication for revascularization in nearly half of the population would certainly place these patients at the upper end of the spectrum of risk following PCI. 15, 16 Further- more, the congruence of predicted and observed MACCE rates in the no planned IABP group suggests that the risk profile of the enrolled population matches that anticipated when determining the sample size for this study.
Second, the decreased efficacy of elective balloon pump support may reflect advances in PCI techniques in the past decade, which in turn have resulted in better procedural outcomes and reduced complications. These advances are exemplified by rates of stent use during PCI (approximately 94% in BCIS-1 but Ͻ50% in previous registries). 9 Third, there is an established relationship between institutional volume and outcome following PCI. 17, 18 This trial was conducted across 17 highvolume centers in the United Kingdom (a mean of 1695 [SD, 573] PCI procedures were performed at each center per year of recruitment to BCIS-1 19 ), and the majority of operators were cardiologists experienced at performing complex PCIs and using percutaneous hemodynamic support devices. It is unclear whether inclusion of a more heterogeneous group of centers and operators may have affected the incidence of major complications overall and, therefore, the relative efficacy of elective counterpulsation. Nevertheless, BCIS-1 provides clarification of the conflicting signals that had emerged from observational and retrospective registries regarding the role of elective IABP support during high-risk PCI. Our findings mirror the conclusions of a recent meta-analysis of IABP therapy in the context of primary PCI for STEMI in patients who are hemodynamically stable at the outset. 5 Albeit primarily designed to evaluate the efficacy of elective balloon counterpulsation, BCIS-1 also represents one of the largest contemporary cohorts of patients undergoing PCI for ischemic cardiomyopathy. Treatment of coronary disease in patients with significant left ventricular dysfunction has traditionally been associated with a poor outcome, regardless of the mode of revascularization. 20, 21 Although randomized efficacy trials of revascularization are awaited, observational data suggest that advances in procedural techniques and adjunctive medical therapy may have resulted in a gradual improvement in survival following percutaneous 22, 23 or surgical 24 revascularization in this group of patients. The excellent short-and medium-term survival demonstrated in this study provides further evidence of this trend.
Study Limitations
The BCIS-1 Jeopardy Score provided a semiquantitative estimate of the amount of myocardium at risk in the event of hemodynamic compromise, on the basis of the distribution and extent of coronary disease. 11 However, the Jeopardy Score has several limitations as a marker of risk during PCI. First, it does not take into account the characteristics of coronary lesions, which directly translate to the complexity of PCI and hence outcome. The Syntax Score 25 had not been described and validated when the current study was designed; as a consequence, this information was not collected prospectively. Second, the Jeopardy Score does not incorporate viability of the myocardium subtended by the diseased coronary vessels, which affects the importance of each vessel as a potential source of ischemia and consequent compromise during PCI and also predicts the long-term outcome following revascularization. 26 Viability testing was not mandated in BCIS-1, because the trial only enrolled patients already scheduled to undergo PCI; the decision to proceed to percutaneous revascularization had been made by the clinical team managing the patient, based on a combination of symptoms, noninvasive testing, or both before inclusion in the trial. Third, the study was powered to detect a 10% difference in MACCE and we cannot exclude a smaller treatment effect, although it should be noted that this is the largest randomized study to date involving this high-risk group of patients.
CONCLUSIONS
In summary, BCIS-1 randomized 301 patients with severe left ventricular dysfunction and extensive coronary disease to undergo elective IABP insertion before PCI or to undergo PCI without planned IABP support.
The study did not demonstrate a difference in MACCE at hospital discharge and therefore does not support routine elective IABP insertion before high-risk PCI. However, 12% of patients who underwent PCI without elective IABP insertion required rescue IABP support, which highlights the importance of adopting a standby IABP strategy when undertaking high-risk PCI.
